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BACKGROUND OFTHE INVEIOTON 

1. Technical Field of the Invention 

[0001] The present invention relates to a light source device comprising a bulb, a 
discharge medium sealed inside the bulb, and an electrode fcr exciting the dischaiige 
medium. Further, the present invention relates to a lighting device camprlsingt^^ 
light source device, and to a liquid aystal displ^ device comprising the lifting device. 

2. Description of the Related Art 

|P002] Recently, research on a li^tsoun« device that does not ijse mercury 
(mercury-less type) as a lamp or light source device used for a back light device of a 
Uquid aystal display device is actively piTJgressii^ in additbn to resear^ 
source devices that use mercury. TTie mercury-less type li^t source device is 
prsferabb due to low fluctuation of light emission intensity along vwth time variation of 
temperature and in view of environmaital concems. 

[0003] For example, a mercury-fiiee type U^t source device shown in Fig 43 is 
discbsed in Japanese Patent Application Laid-open Publication No. 5-29085. The 



light source device ocanprises a tube-shaped bulb.2 inside which a rare gas 1 is sealed, 
an internal electrode 3 disposed inside the bulb 2, and an external electrode 4 
disposed outside the bulb 2. Further, a fluorescent layer 5 is formed on an inner 
surfeceofthebulb2. The extenialeledrcxle 4 has a strip-like shape extending pai^ 
with an etangation direction of the bulb or a direction of an axis line L of the bulb 2. 
Hie external electrode is formed so as to dosely contact an outer surfeoe of the bulb 2 
by appfying metal paste on the outer surfeoe of the bulb 2, for example. The internal 
electrode 3 is electrical^ connected to a lighting circuit 6, whereas the external 
electrode 2 is grounded. When a voltags is applied between the internal electrode 3 
and external electrode 4 by the lighting circuit 6, dielectric barrier discharge 
plasmanizes the rare gas so that it emits light 

ffXXy^ EJven if the external electrode 4 is formed by coating with the nietal paste, the 
external electrode 4 cannot be complete^ in dose contact with the outer sur&ioe of the 
bulb3. In other words, as shown in Fig. 44, due to various causes, such as 
manu&cturing error, vibration during operation, and the temperature status of the 
environment, a void or a slight gap 7 is inevitabfy generated between the external 
electrode 4 and the bulb 2. If the g^ 7 exists, electric power cannot be supplied 
normally to the bulb 2. This causes instabality in the li^temissbn intensity. Further, 



a didectiic breakdown of an atmospheric ^ tends to occur at the gap 7, and gas 
molecules ionized by the dielectric breakdown can damage the peripheral members. 
For example, if the atmospheric is air, the dielectric breakdown generates ozone 
v/tmh damages the peripheral manbas. 

[0005] Even if a chemical method other than deposition is used, such as sputtering 
or adhesive, or a pl^^sical method such as mechanical pressing or a shrink tube is 
used, it is not possible to complete^ adhere the exbemal electrode to the outer sui&oe 
ofthebulb. Therefore, a gap between the extmialelectnxie and the outer surfece of 
the bulb will inevitabfy^ exist, causing unstable emission and dielectric breakdown of 
the atmospheric gas. 

|P006| Rjrther, in this type oflight source device, it is important that time 
fluctuations in the light emission intensity, as perceived by humans, i.e., "flicker" be 
prevented. It is also important that the emission intensity be stabilized and dielectric 
breakdown of the atmospheric gas be prevented. 



[0007] 

SUMMARY OFTHE INVENTION 

PXX)S] An object ofthisinventran is to provide a hig^ 

having stable li^t emission intensity and able to prevent dielectric breakdown of 

atmospheric gas, and v^ch moreover can eliminate flicker. 

[0009] A first aspect ofthe present invention provides a light source device, 
comprising: a bulb inside whidi a dischaige medium is sealed, an internal electrode 
disposed at an aid portion inside the bulb, an external electrode disposed outside the 
bulb, a dielectric member disposed in the vicinity ofthe intanal electrode so as to be 
interposed between the bulb and the exbemal etectrode at a portion in an ebngation 
direction ofthe bulb, and a holder member holding the external electrode so that the 
remaining portion ofthe bulb, other than the portion v^^iere the dielectric member 
exists, and the extenial electrode are opposed to each other with a predetennined 
distance of a space. 

[0010] TTieores-sectkan ofthe dielectric member, vvhich is perpendicular to an axi^ 
line of the bulb, has a shape such as a plate-like shape or a U-like shape. 

IPOII] When a voltage is applied between the internal electrode and exberrial 
electrode, a dielectric barrier disdiaige is generated, which exdtes the discharge 



medium. The exdted dischaige medium emits ultraviolet li^t in the event of 
transitions to the ground state. TTie ultraviolet light causes a li^t to be emitted fix)m 
the bulb. 

[0012] The external dectnode is opposed to the bulb with a predetamined distance 
of the space by the holder member. In other words, the space is intentionally created 
between the bulb and the extmial electrode. The presence of the space acWeves 
stable light emission of the light source device and prevents dielectric breakdown of an 
atmospheric gas, v^^iich results in a highly reliable light source device. 

PX)13| Ifthe extmial electrcxfc was merely opposed to the bulb vw^th the sp 
contracted discharge wouM occur in the vicinity of the internal elecb 
bulb, and the position and shape of the contracted discharge would fluctuate with 
time. This time fluctuation of the contracted discharge causes "flickering, Le., 
fluctuations with time in emission intensity as perceived by the human eye. In this 
invention, the dielectric member is disposed outside of the bulb at the position 
oorresporiding to the internd electiiode so as to be interposed between the bulb m 
the external elechx)de. By providirig the dielectric rriember, a capadtanoe is partialfy 
increased at the position corresponding to the internal electrode, which results in the 
contracted discharge being drawn to a vessel wall of the bulb. Asaresult,the 



contracted discharge is fixed, or the time fluctuation of the contracted dischaiige is 
greatfy reduced, thereby eliminating the flicker. 

[0014] In order to reliably prevent dielectric breakdown of the atmospheric gas, it is 
preferable that the dktance of the space between the external electrode and the bulb is 
not less than a shortest distance defined by the following equation. 

[00151 



XIL: shortest distance 

EO: dielectric breakdown voltage 

V: input voltage 

ea; relative permittivily of air 

sg. relative permittivity of a vessel wall of the bulb 

tg. thickness of the vessel wall of the bulb. 

[0016] As descnlDed above, the dielectric member functions to partialfy^ increase 
capacitance so as Id fix the contracted dischaige. Thus, the dielectric membo- needs 
to be provided at the portion where the contracted dischaiige potential^ occurs. 



[0017] Spedficalfy, the internal electrode comprises a praximal end positioned on an 
end portion side of the bulb, and a distal end positioned on a center portion side of the 
bulb relative to the prxaximal end. A dimension of the dielecttic member in an 
ebngation direction of the bulb and a position of the dielectric member in the 
elongation direction of the bulb are set so that a distal end of an image of the internal 
electrode projected onto the external electrode is positioned on the dielectric member. 

[0018] Mone specifically, the dielectric member comprises a proximal end positioned 
on the end portion side of the bulb, and a distal end positioned on the center portion 
side rfthe bulb relative to the pnoBdmal end. The praximal end of the dielectric 
member is positioned on the end portion side of the bulb relative to the distal end of 
the internal electrode, and the distal end of the dielectric member is positioned on the 
center portion side of the bulb relative to the distal end of the internal electrode. 

[0019] In order to prevent dielectric the breakdown of the atmospheric gas, it is also 
preferable that tiie dielectric member is disposed so as to be in contact with an outer 
surfeoe of the bulb as wefl as with the external electrode. 

[0020] For example, the dielectric member m^ comprise oniy dielectric material 

[0021] In this case, it is preferable that the didectric member is provided at a portion 
of an outer periphery of the bulb as viewed in the elongation direction of the bulb. The 
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capadtanoe is partial^ increased on the periphery of the bulb, which results in the 
contracted discharge being reliably fixed. 

[0022] In order to rdiabfy^ fix the contracted dischaiige, it is preferable that the relative 
permittivity of the dielectric material is not less than 4.7. 

[0023] As an alteniativeofthe dielectric material, the dielectric rnemberriiE^ 
comprise a dielectric portion made of a dielectric mataial, and a conductive portion 
made of a conductive material. 

|P024] In order to enhance light-extraction efficiency fixjm the bulb, it is preferable 
that the dielectric member has high transparency. In general, the higher the 
transparency of dielectric matmals, the lower is the relative permittivity. Thus, in a 
case where the dielectric member comprises onfy dielectric matErial, ifa dielectric 
material with hi^ transparency is used in order to improve the li^t-extraction 
efficiency, the effect of partialfy raising the capacitance through provision of the 
dielectric member is reduced, resulting in the contracted discharige not being stably 
fixed. On the other hand, the dielectric member comprising the dielectric portion and 
the conductive portion achieves an increased capacitance due to the provision of the 
conductive portion. Thus, the capacitance of the dielectric member can be increased 
without lowering the li^t-extraction efficiency. In other words, both high light- 



extraction efficiency and prevention of flicker due to fixation df contracted discharge 
can be satisfied. 

[0025] The conductive portion is made of a conductive metal such as an aluminum. 

|P026] In tiiis case also, it is preferable tiiattiiedielecbic member is prov^ 
portion of an outer peripheiy of the bulb as viewed in the ebngation direction of the 
bulb. 

[0027] Spedficalty, the conductive portion is disposed inside the dielectric portion. 

[0028] More spedfi^cally^, the dielectric portion comprises a first dielectric 1e^ 
positioned on the side of the bulb and a second dielectric layer positioned on the side of 
the external electrode. Further, the oonductive portion comprises a conductive layer 
disposed between the first dielectric layer and the second dielectric layer. 

[0029] In an alternative method, the conductive layer comprises a sheet-shaped 
member formed of a conductive material The oonductive layer may also be a mesh- 
diapernemberformedofacoriductivernateriaL Also, the conductive portion may be 
an ebngabed member embedded in the dielectric portion. Alternatively, the conductive 
layer is a sheet member made of the conductive material. Further, the conductive 
l£QO"inay be a mesh member rnadeofa conductive material Furthermore, the 
conductive portion may be an elongated member embedded in the dielectric portion. 



[0030] Tlieli^tsouiTC device rmyfluiha- comprise a cmd^ 
within the bulb at a position connesponding to the internal electrode and the dielectric 
member. Hae provision of the conductive member can achieve more stahde fixation of 
the contracted dischaiige. This is infenned to ocojr because the contracted discharge 
passes throu^ the dielectric member. 

[0031] In orxler to stably fix the contTBcteddisdharge, it is preferable that the 
conductive member is positioned so as to overlap the dielectric member. Specifically, 
the conductive manber comprises a proximal end positioned on the end portion side 
of the bulb, and a distal end positioned on the center portion side of the bulb relative to 
the prcaximal end portion. A dimension of the conductive member in an elong3^ted 
direction of the bulb and a position of the conductive member in the elongation 
direction of the bulb are set so that a distal end of an image of the conductive member 
projected onto the external electrode is positioned on the dielectric member. 

[0032] Further, the coridijctivernember is provided at a portion of the bulb as vievved 
in the elongation direction of the bulb. 

ffXX33\ A seoorid aspect of the present invention provides a lighting device comprising 
the above-mentioned li^t source device, and a light guide plate having a light 
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incidence surfece and a light emissicm su^^ 

light source device from the light incidence feice to the li^t emission feoe for emission. 

PX)34] A tiiiid aspect of the present invention provides a Hqud 

comprising the above-mentioned lighting device, and a liquid crystal display panel 

disposed so as to be opposed to the light emission surfece of the li^t guide plate. 

[0035] In a light source device of this invention, the external electnxle disposed 
outside of the bulb is held by the holder member so as to be opposed to the bulb with 
the predetermined distance of the space. Furtho-, the light source device comprises a 
dielectric member disposed outside of the bulb and corresponding to the internal 
electrode. Hius, the li^t emission intensity is stable and dielectric breakdown of the 
atmospheric gES can be prevented, aiid in addition flicker can be reduced. Therefore, 
both the stable light emission intensity and prevention of the dielectric breakdown of 
the atmospheric ^s can be achieved without the flicker. 

BRIEF DESCRIPnON OFTHE DRAWINGS 

|P036| Fig. 1 is a plan view depicting a light soijrce device aoootxling to a first 
embodiment of the present invention; 
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Pig, 2 is a cross-sectional view taken aloi^a line Il-n in Fig. 1; 

Fig. 3 K a ri^t side view depicting the li^t source device according to the first 
embodiment of the invention; 

Rg. 4 is a schematic enlaiged cross sectional view taken along a line IV-IV in 

Fi&l; 

Fig. 5 is a partial enlarged perapective view of the light soijrce device ac^^ 
to the first embodimait of the inventior^ 

Fig. 6A is a perspective view depicting an internal electrode; 

Fig. 6B is a perspective view depictirig an alterriativeoftheintenial electrode; 

Fig. 6C is a perspective view depicting an alternative of the internal electrode; 

Fig. 5D is a per^jective view depicting an alternative of the internal electrode; 

Fig. 7 is a perspective view showing a holder member, 

Fig. 8 is a schematic perspective view depicting a diekctiic rnember, 

Fig. 9 is a plane view depcting the li^t source device according to the first 
embodiment, schematicalfy depicting discharge inside the bulb; 

Fig. lOA is a partial schematic cross-sectional view of the li^t source device; 



Fig. lOB depicts an equivalent circuit of Pig. lOA; 

Pig. 11 is a plane view depicting a li^t source device that has a space betwv^ 
the external electrode and bulb but does not have a dielectric member, 

Pig. 12 is a schematic diagram for explaining diffiased discharge and oontractBd 
dischaige; 

Pig. 13A is a schematic diagram e3q)laining a cunmt flow in the bulb vvhen the 
external electrode is in contact with an outer sur&ce of the bulb; 

Pig. 13B is a schematic diagram for ejqjlaining a current flow in the b^ 
the between the exterrial electrode and the bulb is provided, but 
is provided; 

Rg. 13C is a schematic diagram for e^laining the cunient flow in the bulb of 
the light source device of the first embodiment; 

Fig. 14 is a waveform diagram for ejqjlainingbijrstdirnmins 

Pig. 15 is awaveforai diagram depicting a driving voltage; 

Pig. 16 is a diagiam depicting a rekdon an aveiage brightness of the bulb a^ 
subjective evaluation of flidcer with respect to a length of the dielectric member and in 
a first esqierimental example; 



Fig, 17 is a diagram depicting a relation between the relative peraiittivity of the 
dielectric member and subjective evaluation of flicker in a second e?q)erimental 
example; 

Fig. 18 is a plane view depacting a modification of the first embodiment; 

Fig, 19 is a cross-sectiotial view depicting other modification of the first 
embodiment; 

Fig. 20 conceptually depictiiig a relation between a diriirniiig ratio aiid an 
occurrence of flicker in vanous arrangements of light source devices; 

Fig. 21 is a plarie view depicting a li^t source device aooordir^ to a second 
embodimoit of the invention; 

Pig. 22isaschematk;erilaigedcross-sectbrialviewtakBnalorigalineXXII-XXn 
in Fig. 21; 

Fig. 23 is an enlaiiged view of a portion XXm-XXm in Fig. 22; 

Fig. 24A is a perspective view depk:ting a dielectric rnember in the seoorid 
embodiment; 

Fig. 24B is an esq^loded schematic view depicting the dielectric member in the 
second embodiment; 
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Fig. 25 is a plane view depicting the li^t source device according to the second 
embodiment, schematicalfy depicting dischai]ge inside the bulb; 

Fig. 26 is a diagram depicting a relation betwveen the relative pemiittivily and 
subjective evaluation of flicker in a third embodiment; 

Fig. 27 is a diagram depicting a relation an average brightness of the bulb and 
subjective evaluation of flicker with respect to a length of the dielectric member and in 
a fourth ejq3erimental example; 

Fig. 28 is an exploded schematic view depicting other example of the dielectric 
member; 

Fig. 29 is an e3q>loded schematic view depicting other example of a dielectric 
member, 

Fig. 30 is a plane view depacting a light source device according to a third 
embodiment of the present invention; 

Fig. 31 is a cross-sectional view taken abng a line XXXI-XXXI in Fig, 30; 

Fig. 32 is an enlaiiged view of a portion XXXn-XXXn in Fig. 30; 

Fig. 33 is a plane view depicting a li^t source device according to a fourth 
embodiment of the present invention; 



Fig, 34 is a schematic enlarged cross-sectional view taken along a line XXXIV- 
XXXIV in Fig. 33; 

Fig. 35 is a plane view depcting the light source device according to the fourth 
embodiment, schematically depicting discharge inside the bulb; 

Fig. 35 is an esqjloded perspective view depleting the liquid oy^ 
device of a fifth embodiment of the present invention; 

Fig, 37 is a perspective view depicting tiie liquid crystal device according to the 
fifth embodiment of the present invention; 

Fig. 38 is a sdiennatic partial cross-sectional view taken atorig a lirie XXXVID- 
XXXVininFig.37; 

Fig, 39 is a right-side view showing a light source device; 

Fig. 40 is a partial erilarged perspective view of the li^t soiJToe device; 

Fig. 4 1 A is a partial enlarged view of the light source device; 

Fig. 4 IB is a partial enlarged view of the li^t source device; 

Pig. 42A is a schematic plane view showir^ the liquid crystal display device 
according to a sixtii embodiment of the invention; 

Pig. 42B is a cross-sectional view taken along a line Xm-XLH in Pig. 42A; 
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Fig. 43 is a schematic cnoss-sectional view dqjicting an example of a 
conventional light source device; and, 

Fig. 44 is a partial erJaiiged view of the light source device of Fig. 43. 

IP037] 

Description erf" the Reference Numerals 
21: light source device 
22: dischaiigs space 
23: bulb 

24: internal electrode 
25: external electrode 
26: space 

27: holder member 
28: fluorescent layer 
30: dielectric member 
51: first dielectric l^«er 
52: second dielectric layer 
53: dielectric portion 
54: conductive layer 
56: mesh 
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58: rod member 

61: wire member 

70: conductive member 

151: liquid aystal d^lay device 

153: back li^t device 

DETAILED DESCRIPnON OFTHE INVENnON 
(First Etnbodiment) 

[0038] F1^. 1 to 20 shovv a lamp or light soimse device 21 according to a first 
embodiment of the present invention. The light soijrce device 2 1 comprises a air tight 
vessd or biJj 23 an iiiside of v^diich flmctions as a disdia^ 
medium (not showr^ sealed inside the bulb 23, an internal etectnode 24, and an 
external electrode 25. The light source device 21 further comprises two holder 
members 27 for holding the external ekctrcxle 25 so that the external electrode 25 is 
opposed to the bulb 23 with a predetermined distance ta of a space 26 therebetween 
as described below. The light sourre device 21 comprises a dielectric rnember 30 
disposed outside the bulb 23 at a position corresponding to the internal dectnode 24 so 
as to be interposed between the bulb 23 and tiie external electrode 25. Thelight 



source device 21 further comprises a lighting c±cuit 31 for applying high ftequency 
voltage to the discharge medium. 

[0039] The bulb 23 has an etongatedstrai^t tubular shape. As shown in Figs. 3 
and 4, a cross-section of the bulb 23, perpendicular to an elongation direction of the 
bulb 23 or an axis line L, has a circular shape. The cross-sectional shape of the bulb 
23, however, rnay be ariothersh^, such as an elHpsejtrian^e and square. Thebulb 
23neednothaveanekingatedsh^. The bulb 23 may have a shape other than 
strai^t tubular, su(±i as an L-like shape, a U-like shape or a rectangular sh^ 

[0040] Inthisembodirnent,thebulb23isriiadeofatranshicentrmterialsuchasa 
borosilicate glass. The airtight container 10 rriacy be rnade of ^asssu(^ as quartz 
soda ^ass arid lead ^ass, or organic rriatter such as acr^iic. 

IP04-1] An outer diarrietErofthe glass tube losed as the bdb 23 ncmialty ranges fixjm 
approxirnatEfy^l.OTimitD 10rrirn,butisnotlirnitedtDthisrange. For example, a ^ass 
tube having an outer diametser of appioximatefy^ 30 mm, used for fluorescent lamps for 
generic illumination, may be employed. A distance fiom the outer surfeoe to the inner 
surfeoe of the bulb 23, Le., a thidmess of a vessel wall of the bulb 23, is usually 
approsdmatelyO.l mmto 1.0 mm. 
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[0042] Hie bulb 23 is sealed, and the dischaige medium (not iflustrated) is sealed in 
the bulb. The discharge medium is one or more types ofgas,inainfy rare gas. The 
dischaige medium may c»mprise mercury, but because the contractjed discharge 
described below occurs more prominentiy in gases not containing mercury, the 
advantageous results of this invention appear more prominently viien the dischaige 
riiedium does rrot contain inencury, that is, \^enorify a rare gas is used. Thegas 
includes xenon, fiar example. Other rare gases, such as krypton, argon and helium, 
can be adopted. The discharge medium may contain a plurality of types of these rare 
g^ses. A pressure of the discharge medium sealed inside the bulb 23, i.e. an internal 
pressure ofthe bulb 23, is apprcodrnatety^ IkPa to 76 kPa. In this embodiment, a gas 
mixture of 60% xenon and 40% argon, not containing mercury, is sealed inside the 
bulb23at20kP!a. 

[0043] A fluorescent Ie^ 28 is formed on the inner surfeceofthe bulb 23. The 
fluorescent layer 28 converts a wavelength of li^t emitted fitjm the discharge medium 
Depending on the variation of the material constituting the fluorescent layer 28, li^ts 
with various wavder^ths, such as white light, red li^t, and green li^t, can be 
acquired. The fluorescent layer 28 can be formed with material used for general- 
purpose fluorescent lamps and plasma displays. 



[0044] The internal electrode 24 is di^x)sed at one end portion 23b inside the bulb 
23. The internal electrcxle 24 is comprised of rnetalsudi as tungsten or ni(^ A 
surface of the internal electrode 24 may be partialfy or entirety covered by a metal oxide 
layCT sudi as cesium aade, barium oxide or strontium oxide. By using such a metal 
oxide layer, a lifting start voltage can be decreased, and deterioration of the internal 
electrode by ion impact can be prevented. The sur&ioe of the internal electrode 24 may 
be covered by a dielectric layer (e.g. glass layer). A conductive member 29 has adistal 
end to which the internal electrode 24 is provided and a proximal end disposed outside 
the bulb 23. TTie conductive member 29 is electrically connected to the ligliting dncuit 
31 via lead wires 30. 

[0045] With reference to Fig. 6A, the internal electrode 24 in this embodiment has a 
short circular column shape. At paoximal end 24a positioned on the end portion 23b 
side of the bulb 23, the above-described conductive member 29 is fixed to the internal 
electrode24. On the other hand, a distal end 24b of the internal electrode 24 is 
positioned on a center portion side of the bulb 23 relative to the proximal aid 24a The 
internal dectrode 24 rnay also have a different shape, such as shown in Fig. 5B 
through Fig. 6D. The internal electrode 24, shown in Fig. 6B, has a cylindrical shape 
with one dosed end. The internal electrode 24 shown in Fig. 6C has a stiieamlined 
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distal end, and overall has a bulktsh^. The internal electrode 24 shown in F^. 6D 
is shaped as a short cjdinder with an inclined feoe at the distal end. Among other 
shapes, a spherical electrode is also preferable. 

[0046] The exbemal electrode 25 is comprised of conductive material such as metal 
including copper, aluminum and stainless. Further, the external electrode 25 is 
ground. As described later in detail, the external dectrode 25 m£Q^ be a treuisparent 
oonducbQr of v^hidi the main component is tin a?dde and indium oxide. In the present 
embodinient, the exbenial electitxie 25 has an etongated shape extending al^ 
direction ofthe axis line Lofthe bulb 23. As most deaify shown in Fig. 4, a cross- 
section of the extenial dectrode 25, perpendicular to the axis line U has a 
or a square shape of which one side is removed. Specifically, the exbemal electrode 25 
comprises a pair of flat first wall sections 35 and 36, and a second wall section 37 
vhich links these first wall sections 35 and 36. The stredght tubular bulb 23 is 
disposed in a space surroimded by these waU sectioris 35 to 37 of the exbertial 
eleditxie25. Spedficalfy, as riiostdearfy shown in Fig. 4, the first wall sections 35 and 
36 are opposed to each other with the bulb 23 being deposed therebetween, and the 
second wall section 37 is opposed to an open section 38 with the bulb 23 disposed 
herebetween. If the external electrode 25 is sutgected to mirror-surfece reflection 



treatment, then a hi^ emissbn li^t quantity fiom the li^t source device 21 can be 
expected, even without providing a hi^-reflection sheet in the interior of the external 
electrode 25. 

[0047] Then, a supporting structure of the external electrode 25 to the bulb 23 will 
be described. As described above, the external electrode 25 is secured to the bulb 23 
by the two holder members 27. The holder member 27 is made of an insuktir^ 
material having dastidty, such as silioon rubber. As shown in Fig. 7, the holder 
member 27 is a relativefy^ flat rectangular paraMepiped, \«teTein a 
hole 27a penetrates at a center of the holder member 27. The bulb 23 is inserted into 
the support hole 27a, and the holder member 27 is secured to the bulb 23 by a hole 
wall of the support hole 27a elasticalfy engaging the outer surfeoe of the bulbs 23. A 
rectangular parallelepiped engagement protrusion 27b is disposed on each of three of 
four side feces of the holder manber 27, excluding one side feoe corresponding to the 
open section 35 of the external electrode 25. A rectangular engagement hole 38 is 
formed in eadi of the walls sections 35 to 37, respectively, on both ends in the 
longitudinal direction of the external electrode 25. By the er^agement protrusions 27b 
fitting into the engagement holes 38, the external electrode 25 is secured to the holder 
member27. As most dearfy shown in Rg. 1, the holder member 27 is disposed at a 
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poation aw^ fixan an area v^diene the discharge space 22 and the external electnxle 
25 are opposed to each other. 

[0048] As most deaify shown in Rg. 4, a space 26 is provided betweai the outCT 
suifece of the bijlb 23 and the external decttxxie 25. In other words, the bulb 23 is not 
in contact with the external electrode 25 throughout the entire axis line L direction. 

[0049] The dielectric member 30 is composed of a dielectric material such as 
or ^ass. As is most dearfy shown in Fig. 8, the dielectric member 30 of this 
embodiment has a flat rectangular parallelepiped shape. The didectric member 30 
will be described latter in detail 

IPOSPI TTnen, the reason for hoWing the bulb 23 by the hoMer members 27 so that 
space 26 is provided between the bulb 23 and the external electiT)de 25 ^ 
explained. As eaqAamed above, no matter vdiat physical method or chemical method 
is used to cause the external dectrode to dosely contact the bulb, a gE^ unavoidably 
occurs and causes instahalily in the emission intensity and the didectric breakdown of 
the atmospheric gas. In contrast, the present invention entirely changes the concept of 
the common knovdedge accepted by ttiose skilled in the art v^^ere the external 
dectrode must be brou^t into contact with the bulb as closely as possible. 
Specifically, according to the present invention, the space 26 is intentionally or active^ 



provided between tiie external electrode 25 and the outer surfece of the bulb 23 for 
intentionalfy arranging the external electrode 25 and bulb 23 so as to be spatially^ 
separated from each other. Ccttisequentl^, even if sli^t shifts occur in the position of 
the external electrode 25 or bulb 23, the efifect of such shifts on the space 26 between 
the external electrode 25 and bulb 23 is extranebj: small In other words, even if the 
slight shift occurs in the positions of the external electrode 25 or bulb 23, the external 
electrode 25 can be rnaintairied reliably in a state ofrernovalfiom the bulb 23. Asa 
result, the power input to the bulb 23 is stabilized, and the light emission intensity is 
maintained at an extremely stable level As explained betow, sqpropriate setting of the 
distance of the space 26 prevents excessive £^}plication of excessive voltage to the space 
26 as well as dielectric breakdown of the atmospheric gas filling the space 26, vvWch, in 
this embodiment, is air. 

\pOSl] Referririg again to Figs. lOA and lOB, the space 26 arid a vessel wall 23a 
findudingthe ftuoresoent 5) exist between the external electixxie 25 and the discharge 
spaoe22. The space 26 and the vessel wall 23a can be n^arded as equivalent to the 
capacitors 4 1 and 42 connected in series. 

[00521 With r^ard to electric charge Q stored in the capacitors 4 land 42, the 
following equation (1) is established. 
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[0053] 

Q = C0-V = C1-Vg=C2-Vg (1) 

[0054] In this equation, "CI" and "C2" denote the capadtancjes of the capadtors 4 1 
and 42, "CO" denotes combined capadtanoe of the capadtors 41 and 42, "Vg!' denotes 
a voltage applied to the vessd wall 23a, ' Va" denotes a voltage applied to the space 26, 
and 'V' is a voltage applied between the disdiaige space 22 and extmi^ 

[0055] Further, a thickness "1^" of the vessel wall 23a, a width "ta" of the space 26, 
the voltage "Vg' applied to the vessd wall 23a, the voltage ' Va" applied to the space 26, 
the voltage "V" ^>plied to the discharge space 22 and external electrode 25, an electric 
field "E^' in the vessd wall 23a, and an electric field "Ea" in the space 26 have relations 
defined by following equations (2) to (4). 

|P056| 

V=Va+Vg (2; 

Ea=^ (3) 
t a 

Eg=^ (4: 
t g 

[0057] From the equations (2) to (4), following equation (5) is obtained. 



27 



[0058] 

ta(C1+C2)-ta 

[0059] Aocx)rding to the definition of a capacitor, the capacitances CI and C2 of 

capacitors 4 1 and 42 are respectively given by following equation (6). 
[0060] 

C 1 «£ g / t g 

C 2oc£a / t a ( 6 : 

|P061] By app^nng the equation (5) to the equation (6), folbwingequa^ 
r^ardingthe electnc field in the space 26 is obtained. 

|P062| 

Ea=, , (7; 

^ g • t a + £ a • t a) 

|P063] In the present embodiment, since air that has the dielectric constant of lis 
filled in the space 26, following equation (7)' is established 

[0064] 
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[0065] If the dielectric breakdown electric field of the space 26 is "BO", following 
equation (8) needs to be established in order to prevent the occurrence of dielectric 
breakdown in the space 26. 

[0066] 

E 0 > E a ( 8 : 

[0067] By appfying the equation (7) to the equation (8), folbwing inequality (9) is 
obtained. 

[0068] 

ta>-^-— xtg (9; 
E 0 Eg 

[0069| If the space 26 is filled with air (el = 1), following inequality (9)' is established. 

IpoTq 

E 0 eg 

[0071] Therefore, in onier to prevent the didectric breakdown in the space 26, the 
distance "ta" of the space 26 needs to be set to be bnger than the shortest distance XL 
defined by following equation (10). 



[0072] 



X L = 



V £3 



xt g 



(10) 



E 0 eg 



[0073] Espedalfy, when the space 26 is filled with air, the shortest distance XL is 
defined by foltawing equation (10)'. 

[0074] 



|P075] The distance "ta"ofthe space 26 set to be longer than the slnortest distance 
XL prevents the dielectric breakdown of the atmospheric gas filled in the space 26 and 
damages of tlie peripheral members due to gas moleciJes ionized by 
breakdown. In the present embodiment, since the atmospheric gas is air, ozone 
generated by the dielectric breakdown is prevented firom causing damage to the 
peripheral members. 

[00761 TTie bngest distance of tiie distance ta of the space 26 can be determined 
according to a condition where the li^t source device can be lit by reasonable input 
power. In other words, if the distance is ejmessrvely long, the input povver necessary to 
activate the li^t source device, shouH be set exoessivefy high, vvhich is riot practical 



X L = 



V t g 



(10)' 



E 0 Eg 
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[0077] Iftheatinospheric^(xxxipyingthespaoe26isair(whi^ 
constant of 1) as in the present embodiment, it is preferable that the distance "ta" of the 
space 26 is set to be not less than 0. 1 mm and not more than 2.0 mm. The lower limit 
(0. 1 mn^ of the distance "ta" is determined by equations (10) and (10)'. For the upper 
limit of the distance "ta", the maximum voltage between the internal dedrode 24 and 
the external electrode 25 is approximately 5 kV, and the distance "ta" of the space 25 
should be set to appnoodmatety 2.0 mm at maximum in order that the voltage of 
approximately 5 kV generates the dischaige in the bulb 23. 

|P07S| As described above, by holding the bulb 23 by the holder members 27 so tl^^ 
the space 26 is provided between the bulb 23 and the external electrode 25, the 
emission intensity of the bulb 23 is stabilized, and moreover the dielectric breakdown 
of the atmospheric can be prevented. However, in ali^t source device as shown 
in Pig. ll,vvhere the external electrode 25 is merely opposed to the bulb 23 with a 
space 26 therebetween without providing the dielectric member 30, the contracted 
dischaige occurs in the vicinity of the internal electrode 24 within the bulb 23 and 
changes especially when the input power is increased, and the position and shape of 
this contracted dischaige fluctuate with time. The time fluctuation of the contracted 
discharge results in time fluctuation of the emission intenaty perceived by humans. 
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Le., "flidoa". In this embodiment, by providing the dielectric member 30, the flicker 
caused by the time fluctuations of the contracted discharge is reduced The follow are 
ejqjianations in this r^jard. 

[0079] First, the contracted disdhaige will be explained. Referring to Fig, 1 1 and Fig. 
1 2 , a discharge having a narrow dischaige path in a aoss-section perpendicular to the 
axis line L of the bulb is qualitativebyr classified as the contractBd discharge as indicated 
by reference numeral "45". On the other hand, as indicated by reference numeral "46", 
a discharge having a wide discharge path diOuses the whole discharge space 22 in the 
cross-section perpendicular to the axis line Lof the bulb and is referred to as the 
diffused discharge. Hie flicker occurs due to the time fluctuations in configuration and 
shape of the contracted discharge 45 as indicated by arrows "D" in Fig. 11. In this 
specification, a quantitative distinction is made between the contracted discharge 45 
and diffused discharge 46. Referring to Fig. 12, brightness distribution in a direction of 
the axis line Lofthe bulb 23 comprises an area Al in v^diich the bri^tness rises fimi 
low bri^tness to hi^ brightness firom the end portion 23b on the side of the internal 
eledrode 24 toward the othar end portion 23c, and an area A2 in which the brightness 
declines fiiom high brightness to low bri^tness. Hie discharge in the area Al in 
wtach the bri^tness rises firan bw brightness to hi^ brightness is taken to be the 
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contractjed dischaiige 45, v^iiile the dischaiige in the area A2 in which bri^lness 
declines £ix)m hi^ bri^tness to low brightness is taken to be the difiused dischaiige 
46. When the distance of the contracted bri^tness 45 is short, i.e., when the area Al 
is short, an area in the vidnily of a maximum value of the brightness, indicated by the 
symbol C, is positioned dose to the internal electrode 24. 

|P060| Thefollowirigisane?q>lanadonofthereason\^di7tiinefluctuatk^ 
contiactBd dischaiige 46 are more iraiaikable arid a)risequentfy^ 
readity v^en the extanal electrode 25 is disposed so as to be spaced fiom the bulb 23, 
as opposed to v^en the esderrial dectrcde 25 is disposed so as to be in contact wit^ 
the bulb 23. Pig. 13A shows a light soijrce device in which the extmialdectrode 25 is 
in contact with the outer surfece of the bulb 23. Fig. 13B shows a light source device 
in viiich the space 26 is provided between the extenial dectrode 25 ard the b^ 
A cuirent flowing in the vicinity of the internal electrode 24 in the dischaige space 22 
can be divided into a current Ic ^A^ch flows akjrig the axis line L towaid ^ 
portion of the bulb 23, and a current Iw v/tuch flows in a direction perpendicular to the 
axis line Ltowaid the vessd wall 23a of the bulb 23. In the case whoie the extanal 
electrode 25 is in contact with the bulb 23 as shown in Pig. 13A, the following equation 
( 11) is obtained fiom the above equation (6). Here, "C 1" denotes the c^adtanoe of the 



33 



vessel wall 23a of the bulb 23, denotes the relative permittivily of the vessel wall 
23a, and "tg! denotes thickness of the vessel wall 23a 

[0081] 

I wocC 1oc£g / t g (11] 

(0082] Similaify, in case that the spare 26 Kpixjvided between the extenid el 
25 and bulb 23 as shown in Fig. 13B, the following equation (12) is obtained for the 
cument Iw. "CO" dmotes the combined capadtanoe of the bulb 23a and space 26 (see 
Pig. lOB), "sa" denotes the relative pennittivity of the space 26, and "ta" denotes 
thickness of the space 26. 

IP083] 

IwocCOoc ^^g^ tg)Ksa/ ta) 

(eg / t g ) + (e a / t a ) 

|P084] If eg = 5, ea = 1, tg = 0.3, and ta = 0.5, then the constant of propcationalily of 
the cument Iw for the case of Fig. 13A is 16.7 firan equation (1 1) whereas the constant 
of proportionality of the current Iw for the case of Fig. 13B is 1.8. This means \vhen the 
space 26 is provided between the external etectnode 25 and the bulb 23, the current Iw 
flowing toward the vessel wall 23a of the bulb 23 is small with respect to the current Ic 
flowing toward the center of the bulb 23, compared with the case v^^iere the external 
electrode 25 is in contact with Hie bulb 23. Thios, when the space 26 is provided 
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between the external electrode 25 and the bulb 23, the contracted cument 45 flows in 
the vicinity of a center portion of the cross-section that is perpendicular to the axis line 
L of the bulb 23 in the discharge space 22. Consequently, the time fluctuations in the 
configuradon and position of the contracted current 45 due to convection flows and 
resistances of the dischaige ^ become prominent, resulting in the occurrence of 
flidgering. 

|P085| Then, foUafwiiige3q)lanation is a reason that the tirne fluctuation of the 
contradBd discharge 45 can be inWbited so as to reduce the flidfler by providi^ 
dielectric member 30 even vJhen the space 26 is provided between the exbemal 
electrode 25 and bulb 23. Fig. 13C shows in summary alight source device which is 
the light source device 21 of the first embodiment, that is, having a space 26 between 
the extOTial eleclrode 25 and bulb 23, arid also comprising a dielectric member 

[0086| If the c^>adtanoe of the vessel wall 23a is "CI" and the capadtanoe of the 
dielectric member 30 is "C3", then the combined capadtaiKse "04" is given by equation 
(13) listed bdow. 

IP087] 

_C^xC3^ 

01+03 ^ 
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[0088] If the relative permittivily of the dielectric manber 30 is denoted by "sd" and 
the thickness is denoted by "td", then the following equation (15) is established 
r^aiding the capadtanoe "C3". 

[0089] 

C 3«£d / t d (15; 

[0090] From the equations (14) and (15), the folbwing equation (16) is obtained. 
[0091] 

IW0CC40C tg)><^a/ ta) 

(eg / t g ) + (e a y t a ) 

10092] As described above, if £g = 5, ea= 1, tg = 0.3, ta= 0.5, and in addition £d = 5 
and td = 0.5, then foam the equation (16) the constant of proportionality of the cunmt 
Iw for the case of Pig. 13C (this embodiment) is 6.3. This means that compared with 
the case ofFlg. 13B v^tee the didectric member 30 is not employed, the cunientlvv 
flowing tDward the vessd wall 23a of the bulb 23 is increased by providing the dielectric 
member 30. Thus, the contracted discharge 45 is drawn toward the vessel wall 23a of 
the bulb 23. As a result, the contracted discharge 45 is fixed in place, or the time 
fluctuations in the oontracted discharge 45 are greatly reduced, resulting in 
elimination of the flicker. 



[0093] The didectric member 30 wiU now be explained in det^ First, as oqDlained 
above, the capacitance is paitialfy increased by providing the dielectric member 30, 
resulting in the contracted discharge 45 being drawn toward the vessel wall 23a of the 
bulb23. Thus, the dielectric member 30 needs to be provided in the pcrtionw^ 
contracted dischaiige 45 occurs. As ejqjlained above, the contradBd discharge 45 
occurs in the vicinity of the internal dectrode 24. Therefore, the didectric member 30 
needs to be provided at a position not at the caiter portion of the bulb 23, but at a 
position near the internal electrode 24 or corresponding to the internal electrode 24. 

[0094] In this embodirrient, the dielectric rriember 30 is a flat rectangular 
parallelepiped as shown in Fig, 8. Mth reference also with Fig. 1, the dimension al of 
the dielectric member 30 in ttie direction of the axis line L of the bulb 23, and the 
position of the dielectric member 30 in the direction of the axis line L> are set so that 
the distal end 24b of an image of the internal dectrcxie 24 prqjecbed onto the external 
dedrode 25 positioned on the didectric member 30. Specifically, the proximal end 
30a of the didectric member 30 is positioned on the end portion 23b side of the bulb 
23 relative to the distal end 24b of the internal dectrode 24, and the distal end 30b of 
the dielectric member 30 is positioned on the center portion side of the bulb 23 relative 
to the distal end 24b of the internal dectrode 24. This setting of the dimensions and 
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position of the dielectric member 30 assures that the dielectric member 30 is formed at 
least in the portion where contracted dischaiige occurs and which is on the line (see 
symbol p in Fig. 4) connecting a point on the axis line L of the bulb 23 and other point 
on the external dectrode 25 at the shortest distance from the point on the axis line L, 
resulting in the contracted discharge being eflBdentfy fixed. The dimension al of the 
dielectric member 30 in the direction of the axis line L of the bulb 23 is set to 
appraximalelynotlessthan5mmandnotrnorethan40mm. Inondertoreliabfyfix 
the contracted discharge, the relative permittivity of the dielectric material for the 
dielectric member 30 is preferably not less than 4.7. 

[0095] The rektivepertiiittivity of the didectricrnember 30 needs to be higher than 
the relative permittivity of air (1.0). Making the relative permittivity of the dielectric 
member 30 hi^er than the relative permittivity of air generates a cs^adtance 
distribution in the direction of the axis line L of the bulb 23. Specifically, the 
c^iadtance of the portion of the bulb 23 abng the didectric member 30 (the portion 
corresponding to the internal dectrode 24) is greater than the c^sadtanoe of other 
portions (for example the center portion of the bulb 23 in the direction of the axis line . 
By the distribution of c^jadtance, the contracted disdiarge 45 is drawn to the vessel 
wall 23a of the bulb 23. As a result, the contracted disdiaigp is fixed or the tirne 
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fluctuations of the cx)ntnacted disdiaqge are greatly reduced, resulting in elimination of 
the flicker. 

[0096| TT:iis adjustment ofthecapadtance is also possible by partialfyi^^ 
dimension of the space 26 between the internal electrode 24 and the external electrode 
25 different However, due tD demands for a bw-profile in recent li^t source devices, 
there is iiot sufficient space for considerable changes in the space 26. Ontheother 
haiid, in this embodiiiient, the pro^^sion of the dielectrk inember 3^ 
spada% partial changes of the csf3acitance vAiaie satis^mig spatial constraints. 

(0097] As shown in F% 4, the dielectric member 30 is provided, riot so as to 
sunnund the outer periphery of the bulb 23 as viewed ftom the axis line L of the bulb 
23, but so as to be arranged to a portion of an outer periphery of the bulb 23, 
Spedficalfy, the dielectric member 30 is provided only between the bulb 23 and the 
wall section 36 among the three wall sections 35 to 37 of the extemal electrode 25. 
TTiis arrangement of the dielectric manber 30 increases the capadiance in apart of 
the periphery of the bulb 23, so that contracted discharge can be reliably fixed. 

[0098] Furdier, the dielectric rnember 30 is in contact wth both the outer surfeoe of 
the vessd waU 23a of the bulb 23, and the wafl section 36 of tiie external electrode 25. 
By eliminating the gap between the dielecbic member 30 and the vessel wall 23a, as 



well as the gap between the dielectric member 30 and the extEmal electrode 25, the 
dielectric breakdown of the atmospheric gas, and the oocumence of ozone can be 
prevented. 

[0099] The opaation of the li^t source device 21 of this embodiment wiU be 
ejqslained. y^lication of a voltage between the internal electrode 24 and the external 
electKxie 25 by the lighting circuit 31 causes the dischaige to occur so that the 
dischaiige medium within the dischaige space 22 is exdted. The exdted discharge 
medium emits ultraviolet rays in the event of transitions to the ground state. These 
ultraviolet rays are converted into visible li^t by the fluorescent 1^^ 28, and are 
radiated fiom the airti^t oontaino: 10. As esqjlained above, the width "ta" of the space 
26 between the bulb 23 and the exbemal electrode 25 is set to be laiiger than the 
shortest distance XI^ defined by the above equation (10), which achieves stable 
emission intensity and prevents dielectric Ixtaldown of the atmosp As 
shown schematicalfy in Fig. 9, the contracted dischaiige 45 and the diffused dischaige 
46 are generated in the discharge space 22. At the portion where the dielectric 
member 30 is disposed, due to spatially partially increasing of the capadtanoe of the 
bulb 23, the discharge 45 is drawn to the vessel wall 23a of the bulb 23. As a result, 



the contracted dischai^ge is fixed, ie., the time fluctuations in the contracted dischaige 
are greatfy reduced, which results in the elimination of the flicker. 

[0100| A length of the contracted discharge 46 diflfCTs depending on the shape of the 
intemal electrode 24, even when a length "y" of the bulb 23, an outer diameter OD, the 
width "ta" of the space 26 betweoi the bulb 23 and the external electrode 25, and the 
voltage applied between the intsemal dectrode 24 and the external electrode 25 are 
equal The following conditions are set the outer diameter "OD" of the bulb 23 is 3.00 
mn^ the thickness "tg2ofthe wall container 23a is 0.1 mm; the length "/is 160 mm; 
and the width "ta" of the space 26 between the bulb 23 and the external electrode 25 is 
0.3 mm. Further, the intanal ekcdxxies 24 are provided at both ends of the bulb 23 
(see Fig, 18). Furthermore, an input voltage of 20 V is applied to the lifting circuit 31. 
Undo- these conditions, -when the intemal electrodes 24 are sh^jed so as to comprise 
an iridiried suifece at the distal end as shown in Rg. 6D, the CQntiiacted disdiai^ 
length was 25 mm, and when the intemal electrodes 24 had the bullet shape shown 
in Fig. 6C, the contracted dischaige length was 15 mm Using both electrode shapes, 
the contracted discharge was fixed by the dielectric member 30; but when the length 
al of the dielectric member 30 was 10 mm, the contracted discharge 45 was fixed by 
the intemal etedrodes 24 of Fig. 6C, whereas tiie contracted discharge 45 fluctuated 



once again on the center portion side of the bulb 23 relative to the distal end 30b of the 
dielectric member 30 when internal dectrpdes 24 shown in Fig. 6D were used. TTius 
the bullet sh^ shown in Fig. 6C is preferable as the internal electrodes 24. 

(First Experiment Eixample) 

IPIOI] Ejqjeriments were conducted to confirm the advantageous result of 
preventing flicker in the light source device 2 1 of the embodiment The internal 
electrodes 24 had the bullet shape of Fig. 6C, the bulb 23 had an outer diameter "OD" 
of 3.0 mm, thickness "t^' of 0. 1 mm, and length "f of 160 mm, and the width "ta" of 
the space 26 was 0.3 mm. A gas mixture of60% xenon and 40% aigon was sealed 
inside the bulb 23, and the sealed pressure was set to 20 kPa. The dielectric member 
30 had the relative permittivity "ed" of 4.7, width "a3" (see Pig. 8) of 5 mm, and 
thickness "a2" of 0.3 mm The dielectric member 30 was positioned so that the distal 
end 24b of the image of the internal electrodes 24 projected onto the external electrode 
25 was positioned on the dielectric member 30. The entire length of the internal 
etedrodes 24 was 5 mm. Seven different lengths Y, vjtich were 0, 6, 10, 20, 30, 40, 
and 50 mm, were used for the bulb 23. The bulbs 23 with these seven lengths Y 
were used in measurements of the average bri^tness of the bulb 23 and in subjective 
evaluations of the flicker. The average bri^tness of the bulb 23 was measured by 
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setting fifteen points separated by intervals along the direction of the axis line L, 
including a craitar in the direction of the axis line L, and calculating an average of the 
measured brightness values at these fifteen points. Because the flicker in the light 
source device 2 1 is prominent during dimming, the flicker during the dimming was 
evaluated 

[0102| EHmming will be e3q)lained with reference to Pig. 14 and Pig. 15. A burst 
dimming method was adopted as the method of dimming. Spedficalfy, during 
dimming intervals Ton" (on dulj^ of applying a voltage so as to cause dischaiges and 
disdharge-halt intervals 'Toff' (off dutj^ during vAach no voltage is ^>piied are provided 
at a predetermined fi^^uency (dimming fiiequency "fei"). Hie li^t source device 2 1 is lit 
during the dischaige interval 'Ton ", and the li^t source device 2 1 is extinguished 
during the dischaige-halt interval 'Toff'. Thus the on/off duly ratb (the ratio between 
the interval 'Ton" and the interval 'Toff') is proportiDnal to the brightness of the bulb 23 
as perceived by humans. In these esqjerinients, the dimming fiBquency''fe.'' was set to 
100 Hz. Purther, the fi^juency of the driving voltage (lighting fi^equency fl) of the 
lighting circuit 31 was set to 30 kHz. Hie number of lighting waveforms occurring 
during an on duty interval 'Ton" was 15, for the dimming ratio of 4.5%. The driving 



voltage peak-tD-peak value Vp-p (see Rg. 15) was 2 kV, The peak-to-peak driving 
voltage value considering overshoots 47 was 3 kV. 

[0103] As the subjects for sutgective flicker evaluations, six adults including both 
male and female repeated three evaluations. As the flicker evaluation, two grades 
consisting of "flidosr sensed" and "flidcer not sensed" were used For each of seven 
kinds of lengths "y" of the bulb 23, a ratio (percentage) of numbCTS of the evaluation 
that "flidoer was sensed" with respect to a total number of evaluation data (eighteen 
sets of data) was calculated as an indicatDr of the subjective evaluation of flicker. 

[0104] The symbol "EXl" in Fig. 16 indicatses tiie average brightness of the bulb 23, 
and 'EX3" indicates the result of subjective flicko* evahiation. As is dear fiom Fig. 16, 
when the length cf dielectric member 30 is set to the same value, Le. , 20 mm, as the 
length of the contractsed dischaige (20 mm), the subjective flicker evaluation is 0%, so 
that substantial^ complete elimination of the flicker is confirmed. When the length of 
the didectric member 30 is set so as to be bnger than that of the contractBd dischaige 
lengfli (20 rnri^, there is rio diange in the sulgective flicker evaluation, ^ 
brightness of the bulb 23 is decreased. This is because, if the dielectric member 30 is 
made too long, thai the didectric member 30 extends beyond the portion of the 
contracted dischaiige and exists in an area where the diffiised discharge occurs, 
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resulting in a portion of the diffused discharge bdng drawn to the dielectric member 30 
and the light flux in this portion being reduced For the above reasons, it is preferable 
that the length of the dielectric member 30 is set to be equal to or less than that of the 
difiused dischai]gs. 

(Second Esqaaiment Eixample) 

[0105) Eixperimentsvvereperfoniied to investi^te the idation between therein 
permittivity "ed" of the dielectric member 30 and the eflFect in suppressing the flicker. 
The shape and dimensians of the bulb 23 and space 26 were the same as in the first 
esqieriment example. The dimenaoris of the dielectric rnemba- 30 were constant, with 
the width "a3" equal to 5 mm, the length "al" equal to 20 mm, and the thickness "a2" 
equal to 0.3 mm. Six types ofdielectric member 30, eadiofv^diich has the relative 
permittivity "sd" of 1.5, 2.5, 3.0, 4.7, 5.7, and 8.0, were used The subjective 
evaluations of the flicker were performed for all of these six kinds of relative permittivity 
"sd". As the subjects for the subjective flicker evaluations, similar to the first 
experiment example, six adults including male and female repeated three evaluations. 
Further, as the evaluation, two grades consisting of "flicker sensed" and "flicker not 
sensed" were used. For each of the six kinds of relative permittivity "ed", the ratio 
(peroentage) of numbers of the evaluation that "flicker was sensed" with respect to a 



total number of evaluation data (eighteen sets of data) was cakulabed as an indicator of 
the subjective evaluation of flidcer. 

|P106| The reference symbol "EX3" in Fig. 17 indicabes the ejqDerimental results of 
the second ejqjeriment example. As is dear from Fig. 17, v^^hen the relative pennittivily 
"ed" of the dielectric member 30 was not less than 4.7, the sulgectively evaluated flicker 
was 0%, so that flicksr due to fluctuations in the contracted dischaige was not 
observed. 

IPIOT] When the relative permittivity^ is increased, the c^3adtanoe becomes larger, so 
that the input current to the lifting circuit 31 increases resulting in increase of power 
consumption under the ooridition that the voltage applied to the li^tii^ is 
constant or for example, v/hen the length Y' of the strai^t tube-shaped bulb 23 is 
160 mm, if no dielectric member 30 is provided and the input voltage is 20 V, then the 
input cument is 0.48 A, and the power consumption is 9.6 W. On the other hand, if 
the dielectric member 30 with relative permittivity "sd" of 4.7 is provided, and the input 
voltage is 20 V, then the input current is 0.49 A and the power consumption is 9.8 W, 
so that the power consumption increases by ^}prQ?dmately 2% oompared with the 
case in vdiich the dielectric member 30 is not inserted, and the amount of li^t flux 
declines slightly. Further, when the dielectric member 30 with the relative permittivity 



"sd" of 8 is provided, if the input voltage is 20 V, then the input cunent is 0.50 A and 
the power consumption is 10 W, so that the power consumption increases by 
approximately 4% compared to the case in v^diich the dielectric member 30 is not 
inserted. Therefore, usage of the dieleclricniember 30 having higher relative 
permittivity more than necessary causes decrease of the luminous flux and increase of 
the power consumption, resulting in reduced eflSdency. Whenthepower 
consumptian increase is to be limited to appraamately 4%, the relative permittivity "ed" 
needs to be not more than 8. 

IPIOS] Fhm the above, it is prefoabte that the relative pennittivity"^^^ 
dielectric member 30 needs to be not less than 4.7 and not more than 8. 

[0109] Fig. 18 shows a modification of the first embodiment In the light source 
device 21 of this modification, internal dectncxies 24 are provided at both ends of the 
bulb 23. Fig. 19 shows another modification of the first embodiment In the light 
souroe device 21 of this modification, the dielectric member 30 is in contact vwth 
ajproximatety half of the outer peripheiy of the bulb 23 as viewed fiom the direction of 
the axis line L 

ipiipi Pig. 20 shov^^ the relatk)ris between the form oftheextenialelectnode 25, the 
presence or absence of a dielectric member 30 and the form of the dielectric member 



30, and the extent of flicber when, the dimming ratio is changed. In Fig. 20, "O" 
indicates a case where the flicker is not perceived by a human, and " X " indicates a 
case v^ere the flicker is perceived. In the light source device 2 1 A having the dielectric 
member 30 provided oriiy on one side of the external dedrode 25 as viewed fixan the 
direction of the axis line L as in this embodiment, the flicker is prevented over the reinge 
of dimming ratios fiom 100% to 1%. In the light source device 21B having the 
dielectric member 30 provided in approximatefy^ half of the outer periphery of the bulb 
23 as viewed bom the direction of the axis line L, the flicker occurs when the dimming 
ratio is approximate 1%, i.e., when the dimming ratio is made high and the 
brightness of the bulb 23 is reduced. When rio dielectric member 30 is provided, the 
flicker does not occur at the dimming redo of 100%, Le., when no dimming is executed, 
but the flicker occurs when the dimming is executed (for dimming ratios fiom 50% to 
1%). As explained above, in the light source device 21D having the external electncxle 
25 in contact with the bulb 23, the flicker does not occur evoi during dimming, but 
the emission intensity is unstable, and dielectric breakdown of atmospheric gas occurs. 
As is dear also ftton Fig. 20, the light source device 2 1 of this embodiment is superior 
with respect to stabilization of the emission intensity, prevention of the dielectric 
breakdown of the atmospheric gas, and also reduction of flicker. 
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(Second Embodiment) 

ipill] The li^t source device 21 of a second embodiment of the present invention 
shown in Fig. 21 thrcu^ Fig. 24B, differs fiom the first embodiment in the structure 
of the dielectric member 30. As is shown most dearfy in 24A, the dielectric 
member 30 k a flat rectangular parallelepiped, comprising a dielectric portion 53, 
whidi includes a first dielectric l^fler 51 placed on the side of the bulb 23 and a second 
dielectric layer 52 placed on the side of the exbemal electrode 25, and a conductive 
layer (conductor pcMtion) 54 placed between the first dielectric layer 5 1 and the second 
dielectric layer 52. The first dielectric layer 51 is in contact with the outer periphery of 
the vessd wall 23a of the bulb 23, and the second dielectric layer 52 is in contact with 
the wall portion 36 of the exbemal electrode 25. In this embodiment, as shown in Fig. 
24B, the conductive kyer 54 has a sheet sh^. The sheet-shaped conductive layer 
54 is preferable in view of fedlitation of the manufecturing of the dielectric member 30. 
As shown in Fig. 25, the provision of the dielectric member 30 prevents or reduces the 
time fluctuations in the contracted dischaige 45, thereby eliminating the flicker. 

|pil2] The reason for pitjviding a oondiactive layer 54 betvveen the first and second 
dielectric layers 51 and 52 will be explained. Because the dielectric member 30 is 
placed between the bulb 23 and the external electrode 25, it is preferable that the 



dielectric material used in the dielectric member 30 is a hi^hfy transparent material. 
However, in general the higher the transparency of the dielectric material, the lower the 
rektiveperrnittivityofthe dielectric rnaterial will be. For example, the relative 
permittivity of 'TSEX3033" fixan GEToshiba Silicones, a highly transparent silioane, is 
2.7, v^ieneas the relative permittivity of "XE20" firan GE Toshiba Silicones, a low 
transparency silicorie (and a brovm color), is 5.2. When the dielectric member 30 is 
niade of orify the cielectric material, if a dielectric rnaterial with a 
permittivity is used in preferentially considering the transparency, then the contracted 
dischaiigs 45 cannot be fixed by the dielectric member 30. Thus in this embodiment, 
the conductive layer 54 is provided in order to increase the c^sadtanoe of the dielectric 
member 30 without lowering the transparency of the dielectric mariber 30. 

ipi 13] Ihe c^sadtanoe "C" of the dielectric member 30 can be calculated as follows. 
With reference to Fig. 23, it is defined that the sum of the thicknesses of the two 
dielectric layers 51 and 52 between v^teh the conductive kyer 54 is interposed is "td", 
and that the relative permittivity is "e". Further, it is defined that the thickness of the 
conductive layer 54 is "tm", and that the total thickness of the didectrk: member 30 is 
"tdm". In this case, because the relation "tdm = td+tm" is established, the following 
equation (17) is obtained r^arding the caparitanoe "C" of the dielectric member 30. 
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[0114] 

C oc £ / ( t dm- tm) (17) 

[0115] The capacitance "C" of the dielectric member 30 is inverse^ proportional to 
(tdm-tm), and increases with the insertion of the conductive layer 54. In other words, 
by placing the cmductive kyer 54 between the dielectix 

cs^sadtance can be inaieased without alteririg the thickness of the dielectric member 
30. Thus even \^iien a dielectric material with hi^ transparency a 
is used in the dielectric layers 5 1 and 52, the decrease in the capadtanoes of the 
dielectric layers 51 and 52 can be compensated by the conductive layer 54, resulting 
in prevention of the flicker due to the time fluctuations in the contracted dischai]^ 45. 

[0116| In view of peventing reduction of light output efficiency, it is preferable that 
the first and second dielectiic layers 51 and 52 are made of silicone or another 
transparent resiiL F\jrther, the conductive 1^^ 54 can be made crfaccoiuctive metal 
such as aluminum or stainless sbeeL 

pilT] An esacessivefy^ thick corKluctivelgyer 54 results in tco thin first and seoor^ 
dielectric lexers 51 and 52, thereby potentially causing dielediic breakdown. In the 
case of the light source device used in a liquid crystal display device, it is preferable that 
the thidaiess of the conductive layer 54 is set to not more than 0.2 mm. 
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[01 IS] In view of suppressing the gaieradon of ozone, it is preferable that the 
conductive layer 54 is sandwiched between the first and second dielectric layers 5 1 
and 52 as in this embodiment The conductive layer 54, ejqxjsed with respect to the 
bulb 23 and external electrode 25, generates a laiige potential difference that g^jpears 
in the conductive layer 54, v^Wch tends to generate ozone, 

[0119] Since the other arrangements and fijnctions of the second embodiment are 
the same as those of the first embodiment, the same elements are denoted by the 
same reference symbols, and descriptions thereof are omittBd. 

(Ihird Elxperiment Example) 

]P12P] E^qaeriments were conducted to confirm that in the li^tsotiroe device 21 of 
this embodiment, flicker can be suppressed even -when using a dielectric material with 
low rektive permittivity in the first and second dielectric layers 51 arid 52. 

[0121] The bulb 23 had an outer diameter "OD" of 3.0 mm, tiiickness "t^' of 0.5 mm, 
and lengdi Y of 160 mm, the width "ta" of the space 26 was 0.3 mm. Further, a gas 
mixture of 60% xenon and 40% aigon was sealed inside the bulb 23 at a pressure of 
20kPa. The external electrode 25 had a total lengdi of 160 mm, and the hei^t of the 
wall portions 35, 36, and 37 were respective^ 5.0 mm, 5.0 mm, and 3.6 mm. 



[0122] The dielectric member 30 had first and second dielectric kyers 51, 52 and a 
conductive layer 54 of width "a3" equal to 5 mmi, laigth "al" equal to 20 mm, and 
thickness "a2" equal to 0. 1 mm. The conductive layer 54 was made of aluminum 
The positional relation between the dielectric member 30 and the internal electrode 24 
was set so that v^iien the intenial etectrcxie 24 was projected onto the ex^^ 
electiTxie 25, wiiich closed contacted the dielectric 16, a portion of the 

projection of the internal electrode 24 on the dischaiige space side overiapped the 
dielectric member 30 within a range of 2 mm. 

[0123] As diimning conditions, the dimming fi«juericy%"vvas set to 2^ Hie 
fiiequency of the driving voltage generated by the lighting circuit 31 (lifting fiiequency 
"fl") was set to 30 kHz. Hie number of lightir^ waveforms generated on the on duly 
interval Tco" (see Fig. 14) was two, and the dimming ratio was 1 .4%. Hie peak-to- 
peak driving voltage "Vp-p" (see Pig. 15) was 2 kV, 

|pi24] Under the above conditions, evaluations vvereperforrned fix six types of 
dielectric member 30 of this embodiment, each having the first and second didectric 
layers 51 and 52 witii relative permittivity "ed" of 1.5, 2.5, 3.0, 4.7, 5.7, and 8.0. As 
comparison examples, devices having didectric members not provided with a 
conductive layer 54 were febricated and similarly subjected to evaluation. Hie 
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dielectric members in these ocanpariscai examples had a sheet sh^, of width 5 mm, 
ler^th 22 mm, and thickness 0.3 mm. The comparison examples differed fir»m the 
device of this embodiment onfy with respect to the dielectric member. The relative 
pemiittivity was modified by changing the type of silicone rubber material used. 

[0125] As the subjects for subjective ffidoer evaluations, six adults including male 
and female repeated three evahjationa As the flicber evaluation, two grades consisting 
of "flicker sensed" and "flidcer not sensed" were used. For each of six kinds of relative 
permittivity "ed", a ratio (percentage) of nijmbers of the evaluation that "flicker was 
sensed" with respect to a total numba- of evaluation data (eighteen sets d'data) was 
calculated as an indicalDr of the subjective evaluation of flicker. 

|P126| The reference symbol "EX4" in Fig. 26 indicates the results of the subjective 
flicker evaluation for this embodiment, and "EX5" denotes the subjective flicker 
evaluation for the comparison example. As is clear fiiom Fig. 26, when the conductive 
]ayer 54 is provided, and the relative permittivity of the first and second dielectric ]ayers 
51 and 52 is not less than 1.5, the subjective flicksrevalijations were not more than 
0%, resultiiig in a fiiiding that there vwas alniost no tendency to sense flidcer 
time fluctuations in the contracted dischai]ge 45. On the other hand, when no 
conductive layer 54 was provided, the subjective flicker evaluations were increased 



greatly for first and second dielectric layers 5 1 and 52 having a relative permittivity of 
not more than 4.7, and the subjects perceived the flicker. Fmm the above results, by 
providing the conductive layer 18 in the didecttic member 30 as in this embodiment, 
even vfhen. using a material with low relative permittivity but hi^ transparency in the 
first and second dielectric layers 5 1 and 52 , the capacitance can be made large vvithout 
increasing the thidaiessesofthe first and second dielectric l^^ers 51, 52 (the thickness 
of the dielectric member 30), and flicker can be eliminated without increaang the 
electric field intensity. Thus, the li^t souroe device 2 1 of this embodiment can achieve 
both flicker prevention, and a compact size for the light source device 2 1 . 

(Fourth Ebq^eriment E^xample) 

|pi27] Eijqjeriments vvcrea)nductEd on the li^t source device 21 of the second 
embodiment to investigate the relation of the length "a3" of the dielectric member 30 
with respect to the effect in suppressing flicker and the average brightness of the bulb 
23. The li^t source device 21 was the same as that of the third ejqjomientexamp 
However, the relative permittivity sd of the first and second dielectric lE^^ers 51, 52 was 
held constant at 1.5. Tlie method of flidfler evaluation the same as in the third 
eucperiment example. The average brightness of the bulb 23 was measured by setting 
fifteen points sq>arated by intervals along the direction of the axis line L, including a 



center in the direction of the axis line L, and calculating an average of the bri^tness 
values measured at these fifteen points. 

|P128] In Fig. 27, the reference symbols "EX6" and "EX7' denote the average 
brightness of the bulb 23, and the s^ymbols "EX8" and "EX9" denote the result of 
subjective flicker evaluations. When the applied voltage was 2.0 kVp-p and 2.5 kVp-p, 
the length ofthe contracted discharge was 20 nim arid 30 mm respectively. Ifthe 
lengths of dielectric rnembers 30 at these voltages are set to be increased respecti^ 
not less than 20 mm and not less than 30 mm, the average bri^tness of the bulb 23 
is reduced, whereas there are no chariges in the subjective flicker evaluatk^ Thisis 
because, if the dielectric member 30 is made too fong, tiien tiie dielectric member 30 
extends beyond the portion of the contracted discharge 45 and into the area of the 
diflRjsed discharge 46, so tlmt a portion of the diflfijsed disdiarge 46 is dravm to the 
dielectric riiember 30 arid the li^t flux in this portion is redtjced. Thus, in the case of 
a didectric rriember 30 comprising dielectric lEQflers 51, 52 and a ojnductive la^ 
in the second embodiment, it is preferable that the length "al" of the dielectric member 
30 is set to not more than the length of the contracted discharge. 

|P129] Fig. 28 and Fig. 29 show alternatives of the dielectric member 30 of die 
second embodiment In the alternative of Fig. 28, the dielectric member 30 comprises 



sheet-shape first and second dielectric layers 51 and 52, between which a mesh layer 
56 of a conductive matjerial is prcwided. In the alternative of Fig. 29, the dielectric 
member 30 compritses three rod members (elongated rods) 58 formed of a conductive 
material within a sin^ dielectric portion 57. 

flTiird Embodiment) 

IPISO] Fig 30 through Fig 32 show the light source device 2 1 of a third anbodiment 
of the invention. In the third embodiment, the dielectric member 30 is of cylindrical in 
shape, open at both ends, and comprises a dielectric portion 60 having an entire inner 
surfeoe that is in dose contact with the outer periphery of the bulb 23, and the outer 
periphery is in contact with the wall sectioris 35 to 37 of the exterrialelectrcde 25^ The 
dielectric member 30 fiirther comprises a sin^ line or wire member 61 disposed 
inside the dielectric portion 60, extending in the direction of the axis line L of the bulb 
23, and made of a conductive material. Hiis wire member 6 1 is positioned in the 
vicinity of the bulb 23 in the area between the bulb 23 and one of the wall portions 36 
of the external electrode 25. By prxDvkiirig the wire rnember 61 cf a conductive rtiaterial 
within the dielectric portion 60, the capadtanoe of the dielectric member 30 can be 
increased, so that even if a dielectric material with low relative permittivily is used in 
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the dielectric pcrtion 60, the time fluctuations in the contracted dischaige 45 can be 
suppressed and the flicker can be eliminated. 

[0131] Since the other airangOTimts and flmctions of the second embodiment 
the same as those of the first embodiment, the same elements are doioted by the 
same reference symbols, and descriptions thereof are omitted. 

(Fourth Eknbodiment) 

|P132] The li^t source device 21 ofafourthembodimentoftheinventionshownin 
Pig. 33 and Fig. 34, comprises, in addition to a didectric member 30 amilar to that of 
the first embodiment, a conductive member 70 made of a conductive material. As will 
be esqjlained in detail below, this conductive member 70 has the function of reUabfy 
suppressing the flicker viien the dimmiiig ratio is increase 
the bulb 23 is set to a daik kveQ. 

|pi33| The conductive member 70 is fcmied by appfying the oondiictivem^ 
as ahjminum or nickd to the inner surfeice of the vessd wafl 23a of the bul 
vidnily of the internal electrode 24, Le., in the portion -where the discharge paths tend 
to be contracted. 

[0134] In onler to reliabfy^ suppress the time fluctuatioris in the contracted discharge, 
it is prefoable that the conductive member is provided on a portion of the bulb 23 as 
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viewed bom the direction of the axis line L of the bulb 23. In this embodiment, as 
shown in Pig. 34, the cross-sectional shape of the conductive member 70 in the cross- 
section perpendicular to the axis line L of the bulb 23 is an arc shape, positioned 
within the range ±30° with respect to the horizontal direction H as indicated by a 
reference symbol "0". However, the cnoss-sectional sh^ of the conductive member 70 
is not particulaii^ limited. Moreover, the dimension ofthe conductive member 70 in 
the directirai ofthe axis line L of the bulb 23 is not particularty limited. However, it is 
preferable that the dimensbn is set as smaU as possible within the range where the 
eflFect of preventing fluctuations in the contracted discharge can be obtained even if 
dimming to the daik level is executed. For example, ^xdien the shape ofthe conductive 
member 70 is a columnar shape, for the size and dischaige conditions of a bulb 23 
such as is used as the li^t source in the liquid aystal dispky back ^ 
maximum diameter of conductive member 70 is 2 mm. 

|P135| Mthr^Euti to the position ofthe condiictive member 70 in the length 
direction ofthe bulb 23, for example, for the size and discharge conditions ofthe bulb 
23 for use as the light source in a liquid crystal display back light, the conductive 
member 70 is disposed in a position ^proximatefy^ 1 to 10 mm on the center side of 
the bulb 23 relative to the distal end 24b ofthe internal dectixde 24. However, in 



order to obtain the multiplied effects by s^jplying both the effect of fixing the contracted 
dechaiige by the dielectric member 30 and the effect of fixing the contracted discharge 
by the conductive member 70 to the same discharge space, it is preferable that an 
image of the conductive monber 70 preg'ected onto the external electrode 25 is 
positioned on the dielectric member 30. Spedficatty, it is preferable that a proximal 
end 70a and distal end 70b of the image of the conductive member 70 projected onto 
the external electrode 25 be positioned on the dielectric member 30. 

|P136| Refenmg to Fig. 35, by providing the dielectric rnember^^ 
the bulb 23 in the portion along the dielectric member 30 is increased, and the electric 
field distribution changes. As a result, the contracted discharge 45 is drawn to the 
vessel wall 23a of the bulb 23 at the portion where the dielectric member 30 is 
provided, and the path of the contracted discharge 45 is fixed. Further, the contracted 
discharige 45 passes through the conductive member 70. This is inferred to be due to 
an increase in the permittivity in the portion where the conductive member 70 exists. 
Thvs, in this anbodiment, the multiplied effect is obtained fcom the effect of fixing tiie 
contracted dischaiige 45 by the dielectric member 30 and tiie effect of fixing the 
contracted dischaiige 45 by the conductive member 70. The effect of fixing the 
contracted dischaiige 45 by the dielectric member 30 is constrained by the relative 
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pemiittivityorthec^)acitanceoftixdiel!^^ Further, disposed outside 

of the bulb 23, the dielectric member 30 cannot directfy^ exercise the effect of fixing the 
contracted dischaige 45 in comparison with the dielectric member 30. Therefore, by 
providing the conductive member 70, more stable fixing of the contracted dischai^ 
can be achieved in comparison with a case x^iiere onfy the dielectric member 30 is 
provided, espedalfy vfhen the dimming to the dark level is ejcecuted (for example, with 
a dimming ratio of not more tiian 5%). 

p)137] Since the other anangements and fluictions of the second embodiment are 
the same as those of the first embodiment, the same elements are denoted by the 
same reference symbols, and descriptions thereof are omitted. 

(Fifth EsqDeriment EScample) 

P138| aqjeriinents were oanducbed to confirm the effects of the light source device 
21 of the fourtti embodimenL Spedficalfy, the flicker was evaluated at the dimming 
ratios of 20% and 2%. 

[0139] The bulb 23 had a straight-tube shape witii an outer diametjer "OD" of 3.0 
mm, thickness "t;^' of 0. 1 mm, and lengdi Y' of 160 mm. The intanal electrode 24 
had the cylindrical shape shown in Pig. 6A, of lengtii 4.5 mm and outer diameter 1.85 
mm. The bulb 23 was filled witii a gas mixture of 60% xenon and 40% aigon, sealed 
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at a pressure of 20 kRa. The outer electnxie 25 had wall sections 35 to 37 of hei^t 3.6 
mm and thidcness 0.3 mm. 

[0140] The dielectric member 30 was made of a silicone resin, of width "a3" 4 mm, 
length "al" 12 mm, and thickness "a2" 0.5 mm. The position of the dielectric member 
30 in the direction of the axis line L of the bulb 23 was set so that image of the internal 
electrtxie 24 projected onto the extennal electrode 25 ov^^ 
member 30 over a rangs of 3 mm from the distal end 24b side. 

[0141] The conductive member 70 had Ni as the main component, and was applied 
in a oohrainar shape havirig a diameter of 1 inm onto the iririer surfeioe of the vess^ 
wall 23a of the bulb 23. The minimum distance from the center position of the 
condiactivemanber 70 to the internal electrode 24 was 1 mm. 

[0142] As the diiiiiningcoriditioris, the dirnming frequency "fe" was set to 290 
The ligh ting frequency "fl" was set to 29 kHz. The number of lighting waveforms 
generated within the on duly interval 'Ton" (see Fig, 14) was two for the dimming ratio 
of 2% and 20 for the dimming ratio of 20%. The peak-to-peak driving voltage Vp-p (see 
Pig. 15) was 2 kV. 

[0143] In addition to the light source device 2 1 (ejqjeriment example) of the fourth 
embodiment as described above, two types of li^t source devices were prepared as 
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OQmpaiison examples. The first comparison example was the l^t source device 2 IC, 
shown in Fig. 20, which does not comprise the dielectric member 30 or the conductive 
member 70. The second comparison example was the light source device 2 lA, shown 
in Fig. 20, comprising the didectric member 30 but not a conductive member 70. 
Other arrangements and lifting conditions of the light source devices 2 IC, 21A in the 
first and second oomparison examples were similar to those of the light soutck device 
2 1 of the expaiment example. 

[014^ Ten li^t source devices vvererespectivefy prepared for the ejqaeriment 
example, a first oomparison example, and a second comparison example, and 
evaluations were performed using two grades consisting of "flicker sensed" and "flicker 
not sensed". For both of the dimming ratios (20% and 2%) of each of the light source 
devices, the fi:action (percentage) of the number of evaluations that "flicker was sensed" 
with respect to a total number of evaluation data (ten sets of datg^ was calcukbed as an 
indicator of the subjective evaluation of flicker. 

|P145| The euqDerimental results are shown in Table 1 below. 

|P146] Table 1 



First Comparison Example 
Second Coii^)arison Exanqjle 
E;q)eriment Exatiqde 



Dimmii^ ratio 20% 



100% (10/ 10) 
0%(0/10) 
0%(0/10) 



Dimming ratio 2% 
100% (10/ 10) 
40% (4/ 10) 
0%(0/10) 
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(Fouilh Eknbodiment) 

[0147] As shown in Table 1, using the li^t souroe device 21C of the first comparison 
example, the flicker occurred for all ten bulbs when dimming at both 2% and 20%. 
Using the light scaaroe device 21A of the second comparison example, thene was no 
flicker when dimming at 20%, but dimming occurred for four of ten bulbs \vhisn 
dimming at 2%. In contrast, when using the light source device 2 1 of the experiment 
example, no flicker occurred fcir any of the ten bulbs, when dimming at either 2% or at 
20%. Thus, by providing the conductive member 70, the flicker is effectively reduced 
at the dimming ration of 2%. 

(Fifth Embodiment) 

|P14S| A fifth embodiment of the present invention shown in Figs. 36 to 37 is an 
example v^ere the present invention is applied to a liquid crystal display device. 
Specifically, the liquid crystal d^lay device 51 of the present embodiment comprises a 
liquid crystal panel 152 shovmonfy in Fig. 22, and a bade light device (lighting device) 
153. Thebackli^tdevice 153comprisestheli^tsourcedevioes21-l arid21-2 
according to the first embodiment 

|pi49] As shown in Figs. 36 to 38, the back light device 153 comprises a case 157 
including a top cover 155 and a back cover 156, wdiich are made of metal 
Accommodated in the back cover 156 so as to be layered are a light guide plate 159, 



light diffusing plate 160, lens plate 161 and pokrizang plate 162. Each of the light 
source device 21-1 and 2 1-2 has an L-like shape. One li^t source device 2 1- 1 is 
disposed so as to be opposed to one end feoe 159a of the light guide plate 159 as well 
asotherendfeoe 159b vvhich continues fixan the end feoe 159a Theother light 
source device 21-1 is disposed so as to be opposed to the end fece 159c that is 
opposite to the end fece 159a and the end fece 159b. Li^ts emitted from the li^t 
source devices 21-1 and 21-1 enter the light guide plate 159 via the end feces 159a to 
159c, and are anitted to a back fece of the liquid crystal panel 152 from the emission 
fece 159d of the light guide plate 159 via the light diflRising plate 160, lens plate 161, 
polarizing plate 162 and opening 155a fiarmed in the top cover 155. 

[0150] As shown in Fi^. 36, 38, and 39, each of the li^t source devices 21-1 and 
21-2 comprises an L-sh£^)ed bulb 23 inside of v^^iich discharge medium containing a 
rare gas is sealed, an internal electrode 24 is disposed inside the bulb 23, an external 
dectrode 25 is held by a hoMerrriember 27 arid the ktter mentioned connectors 172 
are opposed to the bulb 23 with the space 26 therebetweerL Further, as shown in Fig. 
4 1, a dielectric member 30 for preventing the flicker is provided. Unless otherwise 
specified, the dimensions, material and shape of the bulb 23, internal electrode 24, 
external electrode 25, and the dielectric member of respective li^t source devices 21-1 
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and 21-2 are the same as those of the light soijrce device 21 of the first embodiment 
The dischaiigs mediijm as well may be the same as that of the first embodiment 

[0151] The external ekctrcde 25 has a U-likeaoss-sectiorialsh^ 
the axis line L of the bulb 23, which comprises a back wall section 164 at the bock 
cova- 156 side, a fimt wall section 165 at the top cover 155 side, and a side section 
166 v^^iich links the back wall section 164 and the fi:ontwaUsecti^ An extended 
section 164a is ftnmed at an edge of the back wall section 164, and a foM back section 
165a is fiarmed at an edge of the fimt wall section 165. As most deaify shown in F^g. 
38, each of the li^t source devices 21-1 and 21-1 can be supported at an appropriate 
position with respect to the light guide plate 159 by inserting the li^t guide plate 159 
between the extended section 164a of the back wall section 164 and the fold back 
section 165a of the fixotwall section 165. 

|P152] The structure and material of the holder memba- 27 are the same as those of 
the first embodiment (see Fig. 7). Spedficalfy, tiie holder member 27 con^Jrises the 
support hole 27a tiiough v/imh the bulb 23 penetrates for being supported and three 
engagement protrusions 27h. At one end of the external electrode 25, an engagement 
hole 38 is formed in the back wall section 164, fix»nt wall section 165 and side wall 
section 166 respectively, and the external electrode 25 is secured to the holder 
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member 27 by the engagement protrx^icais 27b wJmcb. fit into these er^agemait holes 
138. 

[0153] The extmialde(±xxie 25 is dectricalfy connected to one end ^ 
171 via the bade cover 156, and the other end ofthe lead wire 171 isgrounded. The 
proximal end side ofthe rod-like conductive member 129 having the internal electrode 
24atthepn35dinalendiselectrka%c»nriectedtoa]eadvvire 173 inside the connector 
172. TlieoQtmecbor 172 is attached to the external electrode 25 at the opposite et^ 
fix)m the holder member 127, and is made of insulation materiaL The lead wire 173 is 
electricalfy^ connected to the lighting circuit (not shown). At one edge ofthe bade cover 
156, a fixation member 174 made of insulation material is secured by screws 175. 
Between the fixation manber 174 and the back cover 156, a terminal at a tip end of 
the lead wire 171 for the external dectrode 25 is fixed The loddng element 174 also 
hasafijnctionofguidingtheleadwire 173 at the internal electrode 24 side out ofthe 
case 157. The fixation element 174 also has a fionction of positioning the edges of eadi 
light source device 21-1 and 21-1 with respect to the case 157 by engaging the 
connector 172. 

[0154] The back light device 153 ofthe liquid crystal display device 151 of this fifth 
embodiment may comprise the light source devices 2 1 of the second through foTorth 



embcidiments. Since the other airangements and functions of the fifth embodiment 
are the same as those of the first embodiment, the same elements are denoted by the 
same reference symbols, and descriptions thereof are omittEd 

(Sixth Embodiment) 

[0155] As schematicalfy shown in Rg. 42A and 42B, the back li^t device 153 of the 
liquid crystal display device 153 aocordir^ to a sixth embodiment of the present 
invention comprisesapair of the light source devices21-l and 21-2 of the first 
embodiment eadi having the straight-tube sh^. Reflecting sheets 176 for reflecting 
light are ananged on two of the six end feces of the light guide platE 159 at whk^ 
soimK devices 2 1-1 and 2 1-2 are located, as vvell as on a bottom fece. Althou^not 
shown, a difiiasing plate, lens plate, polariang plate, and other members for controlling 
lyit distribution may be placed on an emission face of the light guide plate 159. 

[0156] Hie back light device 153 of the liquid aystal display device 151 of the sixth 
embodiment m^ comprise the light source devices 2 1 of the second throu^ fourth 
embodiments. Since the other arrangements and functions of the sixth onbodiment 
are the same as those of the first embodiment, the same elements are denoted by the 
same reference symbols, and descriptions thereof are omitted. 



[0157] The li^t source device of the present invention can be used not only for the 
back light device of the liquid crystal display device, but also for various light sources 
such as a Ught source for general-purpose illuminations, an excimer hmp as a UV 
light source, and bactericidal lamp. 

[0158] Although the present invention has been ftalfy described in conjunctly 
preferred embodiments thereof with reference to the aocompar^nng drawings, varbte 
changes and modifications are possible for those skilled in the art Therefore, such 
changes and modifications should be oonstmed as included in the present invention 
unless they depart fixan the intention and scope of the invention as defined by the 
appended claims. 



